Korean Journal of Air-Conditioning and Refrigeration Engineering

Vol. 26, No. 3 (2014), pp.115-121
http://dx.doi.org/10.6110/KJACR.2014.26.3.115

AR A A2 2| HVACGR AlAH ZAMH| EAMudtH gl

off 5ol ek AT

Cost Analysis Study - Development of HVAC&R System Cost Estimation and

Prediction Methodology for Office Buildings

"X]i"(Jmkyun Cho)"" . A% 3% (Seungho Shin)', 2%

)\1—}\—] hed }\].(_,_) AMdE SR ( ) Q- dllalo]

249 (Jonghurn Kim)”

' Construction Technology Division, Samsung C&T Corporation, Seoul 137-956, Republic of Korea
2Research Institute, Woowon M&E, Seoul 151-904, Republic of Korea

(Received December 15, 2013; revision received February 13, 2014, Accepted: February 15, 2014)

Abstract HVAC&R system costs can often be one of the most expensive components, representing approximately 15% of
the total construction cost for office buildings. Despite their significant importance, there is a lack of a consistent and
homogeneous framework to approximate the estimate research. This research deals with the prediction methodology of
HVAC&R system cost with the aim of establishing a common idea for the analysis of the construction cost estimate. Our
approach deals with the concept of an HVAC&R set that is composed of subsystems. The matrix combination analysis is
examined, and total 960 HVAC&R system cost estimation can be implemented to large scale office buildings.
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Table I HVAC&R system matrix combinations for office buildings
Air-conditioning System (Heat)Plant System (Heat)Transport System

A01 CAV System P01 Direct-fired Absorption TO1 Primary Pump system

A02 VAV System Chiller/Heater(Baseline) +Chilled Water Temp.

A03 UFDA P02 Absorption Chiller+Steam Boiler Differential( AT = 5C)

A04 FCU+DOAS P03 Centrifugal Chiller+Steam Boiler (Baseline)

A05 Radiant C/H+DOAS P04 Ice Thermal StoragetSteam Boiler T02 Primary Pump system

AO06 Chilled Beam+DOAS P05 Water Thermal Storage+Steam Boiler (1 Zone)

A07 PAC(EHP)+DOAS P06 Centrifugal Chiller+tHW Boiler +Chilled Water Temp.

A08 CAV+FCU P07 Ice Thermal StoragetHW Boiler Differential(AT = 8 C)

A09 VAV+FCU P08 Water Thermal StoragetHW Boiler TO3 Zone Pump system

A10 CAV+Convector P09 Centrifugal Chiller+District Heating (2 Zone)

All VAV+Convector(Baseline) P10 Ice Thermal Storage+District Heating +Chilled Water Temp.

A12 UFDA+FTU+DOAS P11 Water Thermal StoragetDistrict Heating Differential(AT = 5C)

Al13 VAV+FPU P12 District Cooling+District Heating T04 Zone Pump system

Al4 LTAD+FPU P13 HW Driven Absorption+District Heating (2 Zone)

A15 CAV+PAC(EHP) P14 Geothermal Heat Pump System +Chilled Water Temp.

A16 VAV+PAC(EHP) P15 CHP system with HW Driven Absorption Differential(AT = 8C)

Total 16 systems

Total 15 systems

Total 4 systems
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Fig. 2 Schematic flow chart of the cost estimate
steps for HVAC&R system.
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1. Load calculation & equipment selection
(Building Load — System Load — Plant Load)
1

Process of calculating and predicting the
HVAC&R system’s energy use

}
2. Making the equipment specification lists

1
Air-conditioning, heat generation and
transport(pump) system
{

3. Capital cost estimation process
of the HVACI&R systems

| HVAC plan(typical floor), HVAC system duct &
piping work diagram and mechanical room plan
1
Review the estimating scope of the mechanical
system’s capital cost

Check the overlapping the direct labor & material
cost of architectural construction

1

Estimating the average equipment price from

major vendors

|

Approximate cost estimate: the direct labor &

material cost of HVAC&R construction

Major equipment Central mechanical
install room piping work

HVAC&R system
duct work

HVAC&R system
piping work

4. Estimation for capital cost of the
HVAC&R systems

Fig. 3 Flow diagram of basic HVAC&R system
cost estimate steps.
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Fig. 4 A Baseline building model.
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(c) Piping diagram for HVAC&R

Fig. 5 Baseline HVAC&R system(A11-P01-T01) drawings for estimating the capital cost.
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- [ Material Cost Labor Cost
Fig. 6 Cost analysis results of basic HVAC&R system.
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! Calculating HYAC&R Construction
Drawings & Construction Cost = (System Review)

CostFora Whole Building

Cost Analysis of Air- Conversion Typical Floor #1
conditioning System  ®— Scaled by Building Loads > Ayp dit Piping
(Typical floor plan) (Cooling/Heating + OA Loads) (QIGCondiioning)

. e Typical Floor #2
16 Air-conditioning (Air-conditioning)

systems

HVAC Plan (Typical Floor) Piping
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(Air-conditioning) e

Cost Analysis of Heat =
Transport System
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Transport System
(Mechanical Room) .\

4 Transport systems  Duc
& Typical Floor

(Air-conditioning)

MR Mechanical Roorw Pinin
(Heat Generation) ping

| Room)

Piping

Cost Analysis of Heat
Generation System
(Mechanical Room)

. 15 Plant systems

Prediction construction cosItof960 HVAC&R systems
Fig. 7 Cost estimate and prediction method for
extended HVAC&R system.

Table 2 Results of extended HVAC&R cost
HVAC&R Cost(Won/m’)
No. Remark
A P T Material ~ Labor
001 AO01 POl TOlI 81,414 74,884

002 A02 PO1 TO1 90,304 74,884

011 A11 P01 TO1 102,844 87,417 Baseline
210 A0S P14 TO3 347,040 62,157 Highest
252 Al14 P09 TO2 83,312 64,934  Lowest

960 Al6 Al5 TO04 184,325 78,935
A : Air-conditioning/P : Plant/T : Transport
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